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Abstract 
High performance hydrostatic bearing are increasingly in demand in ultra-precision machine tools. To calculate 
the static performance of hydrostatic bearing more accurately, a fluid-structure interaction model is proposed. The 
temperature rise and pressure distribution are calculated by computational fluid dynamics (CFD), the influence of 
which on structure deformation is analyzed by finite element method (FEM). Based on the FEM simulation results, 
the static stiffness of hydrostatic bearing is theoretically calculated. Compared with the result from empirical 
equations without influence of temperature rise and pressure distribution, the static stiffness drops about 78%. The 
findings provide useful information for improving the design of hydrostatic bearings. 
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1. Introduction 
Hydrostatic spindles have been widely used in ultra-precision machines for their high stiffness and load 
capacity. Therefore, many investigators have focused both theoretically and experimentally on study of 
the performance of the hydrostatic spindle. T.A.Osman et al. found that the bearing recess size and 
location influence the performance of the hydrostatic thrust bearing greatly [1]. M.El-sherbiny and N.El-
hefnawy proposed a optimization process based on the Rosenbrock method to maximum the load-carrying 
capacity of hydrostatic journal bearing[2]. X.Wang and A.Yamaguchi discussed theoretically the load-
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carrying capacity, power losses and stiffness of disk-type hydrostatic thrust bearing including the case of 
eccentric loading[3].  
However, the high friction loss and heat generation of hydrostatic bearing are always the key factors 
that influence the machining accuracy of ultra-precision machines[4]. As is well known that the  FEM and 
CFD are useful methods to analyze the temperature field and pressure distribution. M.Deligant et.al 
researched the influence of oil entrance temperature and rotational speed on friction torque by CFD[5]. 
Dongju Chen et.al analyzed the thermal error of a hydrostatic spindle by FEM caused by temperature rise 
which is calculated by empirical equations[6].  
This paper presents a fluid-structure interaction model of hydrostatic spindle. Considering the heat 
transfer between oil and structure, the temperature field and pressure distribution were obtained by CFD 
calculation. Then the deformation of hydrostatic spindle caused by temperature rise and pressure 
distribution was obtained, using ANSYS. Finally, the influence of structure deformation on the static 
performance of hydrostatic spindle was summarized. 
2. Description of the hydrostatic spindle 
Structure of the hydrostatic spindle studied is shown in the Fig. 1. As is shown in the Fig. 1,the 
hydrostatic bearing researched is  an orifice-type one and is composed of two journal bearings parts. In 
each journal bearing, there are 6 uniform orifices placed in the circumferential direction. 
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Fig. 1: Sketch of the hydrostatic spindle 
The main structure parameters are described as follows. 
The radius of the orifice is d0=0.2mm. The depth of the recess is z1=1.5mm. The film thickness is 
h0=20μm. The length of bearing land is L=18.5mm. The bearing's radius is rb= 90mm. The journal's 
radius is rj=89.98mm.  
Following assumptions have been made: 
z The gravity, load and eccentricity of the hydrostatic spindle are not considered in the analysis; 
z Laminar flow condition exists at all points in the oil film; 
z There is no slip at the boundaries between the fluid and the plates; 
z Heat generated by the motor is assumed to be insignificant and is neglected. 
3. Theoretical calculation 
Before CFD computation, the static characteristics, such as the flux and the static stiffness, are 
calculated by theoretical equations without considering the influence of temperature rise. 
The equation of flow through the orifice restrictor is given as [7] 
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where N is the number of orifice restrictor, K0 the coefficient of flow, Ps the supply pressure, Pbo the 
recess pressure, and ρ the density of oil. 
The recess pressure Pbo can be obtained by  
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where l is the length of the bearing recess, l1 the length of the axial land, b1 the width of the radical land, 
θ1 half of the recess angle. 
The static stiffness of the hydrostatic spindle is given by 
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According to Eq.(1), (2) , (3) and (4), the flow rate Q of 6.36x10-6m3/s and the static stiffness of 
420N/μm were calculated. 
4. Fluid-structure interaction modeling 
Due to symmetry in the hydrostatic spindle, the symmetry condition can be used which permits only 
1/12 model of one bearing to be built, reducing in this manner the computation time. The fluid-structure 
interaction model is composed of three units: journal bearing, spindle and hydraulic oil, shown in the Fig. 
2. The "hex/wedge-cooper" method is adopted to improve the accuracy and speed of calculation. The 
hexahedral structure mesh of the hydrostatic spindle is presented in Fig. 2(b).  
 
            
Fig. 2.(a) Fluid-structure interaction model ; (b)The hexahedral structure mesh 
The material of components in hydrostatic spindle is 38CrMoAl.The material properties of hydraulic 
oil used in hydrostatic bearing are presented in Table 1. 
Table 1 The material properties of hydraulic oil 
1307Lu Lihua et al. / Procedia Engineering 29 (2012) 1304 – 13084 Lu Lihua et al./ Procedia Engineering 00 (2011) 000–000 
Density [Kg/m3] Dynamic viscosity [Kg/m.s] Thermal conductivity [W/m.k] Specific heat capacity [J/kg.k] 
822 0.00575 0.6 1881 
In the model, the inlet oil pressure was set to 0.5MP. The outlet oil pressure was equal to the operation 
pressure. The journal was set to be a "moving wall" rotating around Z axis shown in the Fig 2(b). The 
bearing land was modeled as a "stationary wall". The periodic conditions and symmetry conditions were 
set as shown in the Fig. 2(a). The solution steps consist in the following three parts. 
z Obtain the temperature field and pressure distribution by CFD software FLUENT; 
z Calculate the deformation caused by temperature rise and pressure distribution using ANSYS and 
analyze the results; 
z Discuss the influence of structure deformation on the static performance of the hydrostatic. 
5. Results of fluid-structure analysis 
5.1. CFD computation and structure deformation results 
Before the fluid-structure analysis, a step of isothermal calculation was undertaken to calculate the 
flow rate of 6.5×10-6m3/s. The difference between the flow rate obtained by empirical equations and 
CFD simulation in the isothermal condition is only 2.3%. This proves that the CFD model is valid for 
fluid-structure analysis.  
Because the temperature rise is mainly caused by the heat generated by the friction in the shear flow, 
the viscous heating option in the viscous model panel is turned on in FLUENT. The temperature field and 
pressure distribution were obtained through solving the Navier-Stokes equations by FLUENT, shown in 
the Fig.4(a) and (b). Then regarded the CFD computation results as load of the FEM model used in 
ANSYS, the structure deformation of hydrostatic spindle was calculated by ANSYS, shown in Fig.4(c). 
 
      
Fig. 4.(a) Pressure contour plot ; (b) Temperature contour plot;(c) Deformation contour plot 
In Fig. 4(a), it is noticed that there are one high-pressure zone and one low-pressure zone in the 
pressure contour plot. The high-pressure zone can be explained by the spindle's rotation which causes the 
hydraulic oil to accumulate near the edge of the oil chamber. The low-pressure zone is caused by the 
spindle' rotation coupled with the pressure in the oil-returning slot. The hydraulic oil near the oil-
returning slot is emitted quickly. So the low-pressure zone come up which maybe destroy the oil film and 
influence the working behaviour of the hydrostatic spindle. When the rotating speed of spindle is 500rpm, 
the maximum temperature rise is17K at the position near the land as shown in Fig. 4(b). It can be 
explained by friction torque which reaches its maximum at the position of the land. As is shown in the Fig. 
4(c), the deformation of hydrostatic spindle under the influence of pressure and temperature in working 
status is significant comparing with the initial oil clearance 20μm. 
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5.2.   Stiffness computation 
Because the static performance, such as stiffness and load capability, mainly depends on oil film 
thickness ho, the influence of the deformation on the oil clearance is researched. Based on the coordinate 
system shown in the Fig. 3(b) and the structure deformation results, the oil film thickness in the axial 
direction as a function of z-coordinate in steady state is described as Eq.(5) by analyzing the deformation 
of the journal and the land through Post-Processing in ANSYS 
-3 3 2
0 10 (0.00555 -1.857 210.4 23189)h z z z= + +                (5) 
According to the Eq.(5), the FEM model of oil film in steady state was built by GAMBIT again. Then 
the isothermal calculation was taken to calculate the flow rate of 7.8×10-6m3/s by FLUENT. By 
substituting the flux into Eq.(1), the equivalent oil thickness of 16.5μm and static stiffness of 90N/μm are 
derived. Compared with the theoretical static stiffness of 420N/μm, the static stiffness of hydrostatic 
journal spindle dropped 78% under influence of temperature rise and pressure distribution.  
6. Conclusion 
The fluid-structure interaction model of hydrostatic spindle has been proposed. Considering the heat 
transfer between oil and structure, the temperature field and pressure distribution have been obtained by 
CFD calculation.The structure deformation caused by the temperature rise and pressure distribution has 
been calculated using ANSYS. The influence of structure deformation on the static stiffness has been 
analyzed. The results show that the static stiffness of hydrostatic journal spindle dropped from 420N/μm 
to 90N/μm, that is 78%, under the influence of structure deformation. Therefore it is indispensable to 
consider the impact of temperature and pressure distribution during the design of hydrostatic spindle. 
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